Potentiation of oxygen toxicity by menadione in Saccharomyces cerevisiae.
The cytotoxicity of molecular oxygen can be sharply increased in the yeast Saccharomyces cerevisiae by the use of redox compounds capable of shunting electrons in vivo and of spontaneous reoxidation under aerobic conditions. Among these redox compounds, menadione (Vitamin K3) is particularly able to stimulate the cyanide-resistant respiration of the yeast cells. Under steady-state conditions, the efficiency of menadione is modulated by the physiological state of the yeast cells and also depends on the availability of reducing agents within the cell. Menadione shows lethal effects towards yeast cells in the presence of O2 only, as a result of the production of toxic metabolites like O2-. and H2O2 which are actually detected in the extracellular fluid. Inhibitors of the enzymes scavenging O2-. and H2O2 generally potentiate the lethal effects of this redox compound. On the other hand, superoxide dismutase and/or catalase supplemented into the incubation buffer have been found to protect the cells to various extents from the cytotoxic effects of menadione. Our data support the following conclusions: When the cellular enzymatic defences are functional, the moderate lethality induced by menadione is principally mediated by O2-. ions acting on the outer side of the cell (peripheral region). In the presence of cyanide, but not of azide, the loss of viability also results from additional damage occurring within the inner cell region. In this case, intracellular injury can be caused by H2O2 alone but our data also suggest that during redox cycling more reactive species--O2-. and probably OH.--are generally intracellularly and are involved in the cytotoxic process.